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in a stretched liquid. His explanation is ingenious : that the 
close contact of the bodies liberates from a denser surface layer, 
liquid which will go to supply the prevailing demand, and so 
lower the energy of the stretched liquid. 

Whether this be a quite correct explanation or not, does not 
the experiment suggest the possibility of an analogous phen¬ 
omenon occurring in a tensile ether in which matter is immersed ; 
giving rise to the effects which we appreciate as gravitational 
attraction? J. JoLY. 

Trinity College, Dublin, November 6. 


Homogeneity of Structure the Source of Crystal 
Symmetry. 

To the lucid notice of my paper, “ Ueber die geometrischen 
Eigenschaften homogener starrer Strukturen und ihre 
Anwendung auf Krystalle,” contained in your issue of October 
18, it is perhaps desirable to add a remark. 

The paper referred to is purely geometrical; it starts with a 
definition, and not with a supposition. Consequently the various 
new theories advanced by the writers referred to in the notice 
receive no support Irom it. 

Homogeneity of structure pure and simple, unaided by any 
theory as to the nature of matter, leads inevitably to all the 
varieties of symmetry presented by crystals. It is useless, 
therefore, to look to the facts as to this symmetry for any light 
upon the vexed question whether the seat of the symmetry is in 
the arrangement or in the configuration of the molecules, or, 
indeed, for any proof of the existence of molecules or separable 
units. Wm. Barlow. 

Muswell Hill. 


THE PRESENT STATE OF PHYSIOLOGICAL 
RESEARCH. 

T HE following extracts from an article by Prof. Max 
Verworn, of Jena, on “ Modern Physiology,” pub¬ 
lished in the Monist for April 1894, seem to be well 
worth the attention of English biologists. It would be 
interesting to obtain in the pages of Nature an ex¬ 
pression of opinion from our physiologists as to how far 
the reproach is true, that “ in treading the beaten paths 
we are making no progress in physiology, and have stood 
still for years on the same spot.” How far is it true that 
physiologists must revert to the point of view of com¬ 
parative physiology, or the physiology of the endless 
variety of lower and simpler forms of life which was that 
which formerly so fruitfully shaped the research of the 
great master Johannes Muller ? Is it, or is it not, time that 
the methods of horological physiology were less dominant 
and gave place to a determined and persistent study of 
living structure in its varied manifestations other than 
the frog and the rabbit ? 

“ Psychologically, it is a highly interesting phenomenon, and 
one of moment in the history of science, that now, almost 
immediately after the final suppression of the old vitalism by 
the new development of the natural sciences, we have again 
arrived at a point which corresponds in the minutest details to 
the reversion to mystical vitalism which took place after the 
clear and successful research of the preceding century. As a 
fact, the parallel between the conditions of the eighteenth 
century and those of to-day is unmistakable. Now, as then, 
the physico-chemical method of explaining phenomena of life 
looks back on a brilliant, almost dazzling sequence of successes ; 
now, as then, the tracing of vital processes to physical and 
chemical laws has reached a point at which, for many years, 
with the methods now at our command, no essential progress 
has been made, where, on the paths hitherto trodden, a 
boundary line is everywhere distinctly marked ; and now, as 
then, on the horizon of science the ghost of a vital force looms 
up, It has already taken possession of the minds of serious 
thinkers in Germany, with the dire prospect of more extensive 
conquests ; and in France, too, it would seem, science is slowly 
opening its door to this invasion of genuine mysticism. 

“To understand this phenomenon psychologically, and to 
acquaint ourselves with the means of staving off a general 
reaction into vitalism, it is desirable to examine more carefully 
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the present state of physiology. A review of the productions 
which appear in our different physiological journals-, which will 
best exhibit the present state and tendency of the science, 
furnishes an extremely remarkable spectacle. Leaving aside 
the science of physiological chemistry, which is independently 
developing with great success, we find, with the exception of a 
few good contributions to the physiology of the central nervous 
system, as a rule, only extremely special performances of very 
limited, scope and import, wholly without significance for the 
greater problems of physiology, whether practical or theoretical, 
and exhibiting no connection whatever with any well-defined 
general problem of physiology. In fact, what is called physio¬ 
logy is beginning here and there to degenerate into mere tech¬ 
nical child’s play. With every new number of our physiological 
magazines, the unprejudiced, observer is gradually gaining the 
conviction that general problems of physiology no longer exist, 
but that inquirers, driven to desperation in the struggle for 
material, have no choice but to hunt up the old dry bones of 
science, on which they fall with the nervous rapacity of hungry 
dogs. And in the case of most of the productions, this im¬ 
pression is strengthened by the fact that the results, when once 
found, are wholly disproportionate to the tremendous expendi¬ 
ture of labour and time which it might be seen beforehand they 
would require. And yet all the time the great problems of 
physiology everywhere stare us in the face and seek solution. 
For, if we regard the problem of physiology as the investigation 
of the phenomena of life, we are certainly yet very far from the 
solution of even its most important and most general problems. 
We need not go to the extreme that Bunge does in his excellent 
text-book of physiological chemistry, of maintaining that the 
phenomena of our organism which we have explained mechani¬ 
cally are not genuine vital processes at all, no more than is 
4 the motion ot the leaves and branches of a tree shaken by a 
storm, or the motion of the pollen which the wind wafts from 
the male to the female poplar.’ But it is certainly no ex- 
aggeration to say that what the splendidly-conceived methods 
of the great masters of physiology since Johannes Muller have 
explained, are not elementary processes of life, but almost 
exclusively the crude physical and chemical actions of the 
human body. 

“For what have we attained? We have measured and 
registered the motions of respiration, the mechanics of the 
gaseous exchange in the lungs in their minutest details. We 
know the motions of the heart, the circulation of the blood in 
the vascular system, nay, even the slightest variations of the 
pressure of the blood, as produced by the most diverse causes, 
as accurately as we do the phenomena of hydrodynamics in 
physics. We know that respiration and the motion of the heart 
are conditioned by the automatic activity of nervous centres in 
the brain. But no spirometer, no kymograph, no measuring or 
registering apparatus can give us the slightest idea of what 
takes place in the nerve-cells of the brain that condition the 
beating of the heart and respiration. 

“Further, we have investigated the motions of the muscles, 
their dependence on the most diverse factors, their mechanical 
powers, their production of heat and electricity, as exhaustively 
as only the phenomena of the special departments of mechanical 
physics have hitherto been treated. But of what goes forward 
in the minute muscle-cells during simple muscular contraction, 
no myograph, no galvanometer has as yet given us the slightest 
hint. 

“ We know also the laws of the excitability of the nervous 
fibres, of the propagation of irritations, of the direction and 
velocity of nervous transmission, thanks to the ingenious 
methods of recent physiology, in all their details. But of what 
is enacted during these processes in the nerve-fibres and in the 
ganglion-cell from which it ramifies, no induction-apparatus or 
multiplicator can give us the least information. 

“ We know besides, that the heat and electricity produced by 
the body, and the mechanical energy of muscular work, are the 
consequence of the transformation of the chemical energy which 
we have taken into our bodies with our food. But by means 
of what chemical processes the cells of the individual structures 
take part in these achievements, the most sensitive thermo* 
meter or calorimeter will not disclose, and no thermal pile or 
graphical apparatus will indicate. 

“ We might give any number of examples of this kind, but 
those adduced exhibit distinctly enough the point to be signa¬ 
lised. What we have hitherto attained is this: we have 
measured, weighed, described, and registered the gross 
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mechanical actions of the human body, for the most part with a 
degree of precision that would excite the astonishment of the 
uninitiated ; we have also acquired a considerable knowledge 
of the rough mechanical interactions of the individual organs of 
the body, the mode of operation, so to speak, of the machinery 
of organisms. But all that has been done, has been done only 
up to a certain point ; and this point, at which we are brought 
to a halt, is the cell. We have traced all phenomena of change in 
matter, form, and force back to the point where they disappear 
in the cell. But of what takes place in the muscle-cell, the 
ganglion-cell, the lymph-cell, the gland-cell, the egg-cell, the 
sense-cell, and so forth, we have not the slightest conception. 
Moreover, we discover here, that even the minutest cell exhibits 
all the elementary phenomena of life ; that it breathes and takes 
nourishment; that it grows and propagates itself ; that it moves 
and reacts against stimuli. The elemen tary riddles of life, 
accordingly, have so far defied all research. 

“ A balance thus cast of the results of past physiological 
research does not, it must be admitted, exhibit a very 
encouraging outlook. 

“ But the resignation of physiology has been strengthened by 
another prominent factor. This is the attitude of physiological 
research to psychical phenomena. This attitude is at the present 
moment a varying one. On the one hand, we still find secretly 
cherished the vain hope of a chemical and physical explanation 
of psychical processes, that is to say, of a reduction of them to 
the motions of atoms, even though Du Bois-Reymond, in his 
famous address on * The Limits of Our Knowledge of 
Nature,’ 1 characterised such an understanding as utterly futile ; 
while on the other hand we meet with an absolute resignation 
in the face of this question—an attitude which is simply 
a frank acceptation of the conclusion of Du Bois-Rey- 
mond’s, address. Owing to the authority of its author, the 
* Ignorabimus } of Du Bois Raymond has influenced great 
numbers of inquirers, and produced in physiology a real 
paralysis of research, so that the abandonment thus effected 
of the solution of the old problem of explaining psychical 
phenomena mechanically has caused physiology for the most 
part anxiously and reverently to avoid any intrusion whatever 
of psychological questions. On the one side, then, is the idle 
hope of solving a problem which, despite its being as old as 
human thought itself, research has not yet even touched ; and 
on the other, an absolute renunciation of any treatment of the 
problem whatsoever. 

Cellular Physiology. 

“ If on the one hand we can [justly cherish the hope that the 
increasing extension of the monistic world-view in natural 
science will ward off the dangers of a reaction to the old 
vitalism, the fact nevertheless remains that in treading the 
beaten paths we are making no progress whatever in physio¬ 
logy, and that we have stood still for years on the same spot, 
and not approached a single step nearer our goal of explaining 
the elementary phenomena of life. 

“We have reached a turning-point in physiological research 
which could scarcely be made more prominent. The reappear¬ 
ance of vital force is a token of it. As before all great crises 
of history portentous spirits appear to clairvoyant people, so in 
our days the ghost of the old vital force has loomed up in the 
minds of some of our natural inquirers. 

“But striking and obvious as the fact is that we can no longer 
approach by the old paths of research an explanation of the 
-elementary phenomena of life, still, it is exactly as obvious and 
striking in what direction there is the only chance or hope of 
our approaching our goal. 

“ We have traced the vital processes of man in physiology 
back to the point where they are lost in the cell. Now, what 
is more reasonable than that we should seek, them out in the 
cell ? In the muscle-cell is hidden the riddle of 'muscle-move¬ 
ment, in the lymph-cell is hidden the causes of secretion, in 
the epithelial cell is buried the problem of resorption, and so 
on. The theory of the cell has long since disclosed that the 
cell is the elementary foundation-stone of the living body, the 

elementary organism ? itself, that in which the processes of 
life have their seat; anatomy and evolution, zoology and 
botany, have long since realised the significance of this fact, 
and the wonderful developmentof these sciences has furnished a 
brilliant proof of the fruitfulness of this branch of inquiry. Only 

\ Ueber die Grenzen des Naturerkennens. Reden. Erste Folge. 

Leipsic, 1886. 
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in physiology was the simple, obvious, and logical consequence 
overlooked, and until very recently not practically applied, that 
if physiology regards it at all as her task to inquire into the 
phenomena of life, she must seek these phenomena at the spot 
where they have their origin, at the focus of life-processes, in 
the cell. If physiology, therefore, is not simply content with 
confirming the knowledge which is already gained of the crude 
mechanical actions of the human body, but makes it its object 
to explain clearly elementary and general phenomena of life, it 
can accomplish this object only as cellular physiology. 

“ It may appear paradoxical, that although nearly half a 
century has elapsed since Rudolf Virchow first enunciated in 
several classical works the cellular principle as a basis of all 
organic inquiry, a basis on which to-day, indeed, all our ideas 
in pathology are constructed, physiology still is only just begin¬ 
ning to develop out of a physiology of organs into a physiology 
of cells. Yet this is the true and normal course of development 
of science which always advances from the crude to the delicate. 
And it would therefore be unpardonable ingratitude, and a mis¬ 
taking of the mode of development of human knowledge, if we 
should seek in the least to underrate the high importance of the 
physiological research of the past epoch, on whose shoulders in 
fact we stand, and with whose results we more or less con¬ 
sciously continue our work. Further, in our judgment of the 
course of development of physiological research, a factor must 
not be overlooked which controls the development of every 
science, namely the psychological factor of fashion. The de¬ 
velopment of every science depends on the stupendous influence 
of great discoveries. Wherever we cast our eye in the history 
of inquiry, we find that great discoveries such as, to take the 
case of physiology, are represented in the works of Ludwig, 
Claude Bernard, Du Bois-Reymond, and Liebig, deflect interest 
from other fields and induce a great multitude of inquirers to 
pursue research in -the same direction, with the same methods, 
especially when these methods have proved themselves so 
wonderfully fruitful as in the cases adduced. Thus, certain 
departments of inquiry become, in connection with epoch- 
making performances, fashionable, and the interest of thinkers 
in others subsides. But an equalisation in the course of time is 
always re-effected, for every field of inquiry, every method of 
inquiry is finite and exhausts itself in time. We have now 
reached just such a point in physiology : the physiology of organs 
is in its period of exhaustion. Also the method of cellular 
physiology will exhaust itself in the course of time, and its place 
will be taken by other methods which the present state of 
the problem do not yet require. 

But for the present the future belongs to cellular physiology. 
There are, it is true, inquirers who, although they are convinced 
of the present necessity of a cellulur physiology, and see 
perfectly well that the cell as the focus of the processes of life 
must now constitute the real object of research, yet doubt for 
technical reasons whether it is possible to get at the riddles of 
life as they exist in the cell. It may, therefore, be justly demanded 
that some way, some methods he shown with which a 
cellular physiology can be founded. The doubt of the feasibility 
of this undertaking is in great part the outcome of a phenomenon, 
which, unfortunately we must say, has characterised physiology 
ever since the death of Johannes Muller, namely, the total lack 
of a comparative physiology. Physiology has not yet entered 
on this rich inheritance of the great master. How many among 
the physiologists of the day are acquainted with other objects of 
experiment than the dog, the rabbit, the guinea-pig, the frog, 
and a few other higher animals ! To how many are the 
numerous and beautiful objects of experiment known which the 
wonderful luxuriance of the lower animal world offers ! And 
yet, just among these objects are to be found the forms which are 
best adapted to a cellular-physiological solution of physiological 
problems. 

“Naturally, if we believe we are limited, in our cellular- 
physiological treatment of the riddles of motion, digestion, 
and resorption, solely to man and the higher animals, we 
shall encounter in our investigation of the living muscle¬ 
cell, lymph-cell, epithelial cell, and so forth, more or less in¬ 
superable technical difficulties. And yet the splendid researches 
of Heidenhain on secretion, digestion, lymph formation, and 
so forth, have shown what good results the cellular-physio- 
logical method can achieve even here. Well-planned his¬ 
tological experiments, such as those which put the living 
cell in its intact connection with the remaining woof of the 
body under given conditions, and then investigate the results 
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in the suddenly slaughtered animal, to get from such experi¬ 
ments light on the processes peculiar to the condition of life, 
undoubtedly furnish the germ of much valuable knowledge. 
But it is of the very nature of these experiments that they must 
always remain difficult and restricted, for the living object, the 
tissue-cell, is accessible to microscopic investigation only with 
the greatest difficulty. Comparatively small difficulties in this 
respect are offered only by the free-living cells of the organism, 
as, for example, by the leucocytes or blood-corpuscles. And as 
a fact, by the researches of Metschnikoff, Massart, Buchner, 
Gabritchevsky, and many others, we have recently acquired 
some important and wide-reaching experimental knowledge 
concerning the vital phenomena of these very objects. 

“ But if we place ourselves at the point of view of comparative 
physiology which Johannes Muller represented throughout his 
whole life with such success and energy, an infinitely broad 
perspective opens itself up for cellular investigations. A com¬ 
parative view shows one fact of fundamental importance, 
namely, that elementary life-phenomena are inherent in every 
cell, whether it be a cell from the tissues of higher animals or 
from the tissues of lower animals, whether it be a cell of a 
plant, or, lastly, a free cell, an independent unicellular 
organism. Every one of these cells shows the general 
phenomena of life, as they lie at the basis of all life, in their 
individual form. With this knowledge, all that it is necessary 
for the inquirer to do is to select for every special object of ex¬ 
periment the fittest objects from the wealth of forms presented, 
and with a little knowledge of the animal and plant world, such 
forms really obtrude themselves on the attention of the experi¬ 
menter. Accordingly, it is no longer necessary to cleave so 
timorously to the tissue-cells of the higher vertebrate animals, 
which, while alive and in normal environment, we can only use 
for microscopic experiments in the rarest and most exceptional 
cases ; which further, the moment they are isolated from their 
tissues, are no longer in normal conditions, and quickly die or 
give reactions that may easily lead to wrong conclusions and to 
errors. Much more favourable are the tissue-cells of many in¬ 
vertebrate, cold-blooded animals or plants which can be more 
easily investigated in approximately normal conditions of life ; 
yet even these, as a rule, will not outlast protracted experi¬ 
ments. But here appear as the fittest imaginable objects, for 
cellular-physiological purposes, free-living unicellular organisms 
—namely, protists. They seem to be created by nature ex¬ 
pressly for the physiologist, for they possess, besides great 
powers of resistance, the incalculable advantage of existing in 
a limitless variety of form, and of exhibiting, as the lowest 
organisms that exist, all phenomena of life in their simplest 
conditions, such as are not to be found among ceils which are 
united to form tissues, on account of their one-sided adaptation 
to the common life of the cellular colony. 

“Concerning the application of experimental physiological 
methods to the cell, we need be in no perplexity as to which 
we shall choose. In the luxuriant multiplicity of form which 
this world presents, there can always be found for every pur¬ 
pose a great number of suitable objects to which the most 
different special methods can be capitally applied. 

“We can, to begin with the simplest method, apply in the 
easiest manner imaginable to the free-living cell the method of 
simple microscopic observation of vital processes. In this 
manner mere observation has furnished us knowledge of the 
individual life-phenomena of cells in many details, and also of 
their mutual connection. Among the most recent achieve¬ 
ments of this simple method may be mentioned only the ex¬ 
tremely valuable knowledge concerning the more delicate and 
extremely minute circumstances of fecundation and propagation 
which Flemming, Van Beneden, the Hertwigs, Strasburger, 
Boveri, and many others have gained in recent years, partly 
from living cells and partly from cells fixed in definite 
conditions of life. 

“Moreover, we can also conduct under the microscope vivi- 
sectional operations on unicellular organisms in exactly the 
same scope and with greater methodical precision than can be 
done on the higher animals. Several inquirers, as Gruber, 
Balbiani, and Hofer, have already trodden this path with great 
success, and a considerable group of researches has shown dis¬ 
tinctly enough the fruitfulness which this cellular vivisectional 
method of operation promises for the treatment of general 
physiological problems. With this vivisectional method also 
Roux, the Hertwigs, and others conducted their splendid in¬ 
vestigations on the * mechanics of animal evolution/ by showing 
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what functions in the development of animals fall to the lot of 
the different parts of the egg-cell, or to the first filial cells that 
proceed from their division. 

“ W'e can also apply here, in its whole extent, that powerful 
physiological method known as the method of irritation, and 
investigate the effects of different kinds of irritation on the life- 
phenomena of the cell or of different cell-forms. The vegetable 
physiologists have already collected a great mass of material in 
this field. But also in the department of animal physiology a 
great number of recent works have endeavoured to prove that 
the phenomenon of irritation which takes place on the applica¬ 
tion of chemical, mechanical, thermal, galvanic, and luminous 
stimuli to unicellular organisms are of the greatest importance 
for the phenomena of life generally. 

“ Finally, we can approach the life-phenomena of the cell 
chemically, although in this direction only the very first begin¬ 
nings have been made, seeing that the microchemical methods 
have been hitherto little developed. Nevertheless, the labours 
ofMiescher, Kossel, Altmann, Zacharias, Lowitt, and others 
have already shown that the microch.inical investigation of the 
cell has a future of great promise.” 


INK-CRYSTALS. 

T HE pictorial representations of the forms taken by 
ice-crystals are familiar to everyone ; and many 
young observers have been grievously disappointed with 
the difference between nature’s handiwork and artistic 
fancy, as exemplified by the ice-crystals really seen and 
those which embellish scientific works. These “ ice- 



Fig. i,—C rystals form id by the Evaporation of Ink. 


flowers,” as Tyndall called them, cannot always be con¬ 
veniently produced, so a substitute for them, in the form 
of “ ink-flowers,” should be interesting to students of 
crystallography. Dr. E. Trouessart describes in La 
Nature how “fleurs de 1 ’encre” can be procured, and 
the accompanying illustration reproduces some of the 
forms observed by him. The method employed is very 
simple. A drop of ink is allowed to dry on a slip of 
glass, and observed under a microscope with powers of 
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